Background. Despite an increase in the number of molecular epidemiological studies conducted in recent years to evaluate the association between human papillomavirus (HPV) infection and risk of bladder cancer, the studies remain inconclusive.
Carcinogenic types of human papillomavirus (HPV), such as HPV-16 and -18, have been shown to be the necessary cause of cervical cancer [1] . There has also been investigation of the possibility that HPV may cause cancers of other sites, such as head and neck, anus, vulva, and so on, because the virus is epithelium-tropic [2] . However, the association between HPV infection and some other cancers, for example, breast cancer [3] and bladder cancer [2] , is still inconclusive.
It is certainly true that the epithelia of the bladder can also be infected by HPV, especially the condyloma acuminatum, which is characteristic of HPV infection and has been reported in the bladder [4, 5] . For the majority of bladder cancer originating from epithelium, the question whether bladder cancer is related to HPV infection has been raised. Since 1990, a series of descriptive studies have investigated the HPV prevalence in various histological types of bladder cancers, mainly in transitional cell carcinoma (TCC). Meanwhile, a growing number of casecontrol studies have detected HPV DNA in both malignant and benign or normal bladder tissues [2] . However, the study designs involved populations and HPV detection techniques that were diverse across studies, and the results were controversial rather than consistent.
Thus, our present objective was to collect published information on HPV prevalence in bladder tissues to explore the prevalence of HPV in bladder cancer cases and to test the association between HPV infection and risk of bladder cancer. This systematic analysis could directly help future research.
MATERIALS AND METHODS

Study Selection
MEDLINE was used to search for articles published from January 1989 through August 2010 using the MeSH terms ''papillomavirus,'' ''human,'' and ''bladder cancer.'' Additional relevant references cited in retrieved articles were also evaluated. Inclusion and exclusion criteria were as follows: (1) HPV DNA was detected in bladder tissues; (2) if data subsets were published in more than one article, only the latest one was included [6] ; (3) immunosuppressed patients-for example, patients who had undergone renal or cardiac transplantation-were excluded; (4) patients with secondary malignant tumors of the bladder and cervical lesions simultaneously were excluded; (5) case reports were excluded; (6) publications not in English were excluded; (7) and if data could not be extracted or calculated from the original article, the study was excluded [7] . The work flow is shown in Supplementary Figure 1 (available online).
Data Extraction
Two investigators (N.L. and L.Y.) independently extracted the data and reached a consensus on all items. For each included study, the following information was extracted: first author's name, journal and year of publication, country of origin, sample size, HPV DNA source, detection method, HPV prevalence (overall and typespecific: HPV-6, -11, -16, -18, -31, -33, -35, -39, -45, -51, -52, -56, -58, and -68) in bladder tissues by disease status (case or control), and matching criteria if control participants were present. Furthermore, when HPV prevalence was assessed by both polymerase chain reaction (PCR) and non-PCR methods in the same study, only the prevalence obtained using the PCR method was included [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] . Detailed information on all included studies is presented in Supplementary Table 1 (available online) .
Statistical Analyses
This meta-analysis was an epidemiological description of the overall, clade-specific (HPV-18 and -39 were classified into clade A7; HPV-16, -31, -33, -35, -52, -58 into clade A9; and HPV-6 and -11 into clade A10) and type-specific HPV prevalence (13 HPV types in the high-risk phylogenetic clade, namely, HPV-16, -18, -31, -33, -35, -39, -45, -51, -52, -56, -58, -59, and -68, as well as 2 low-risk HPV types, namely, HPV-6 and -11) in bladder cancer cases [18] . In addition, we also performed a statistical pooling of estimates of HPV infection and bladder cancer risk with a case (bladder cancer tissues)-control (normal bladder tissues or benign bladder lesions, such as bladder cystitis) comparison.
An unconditional logistic regression model was used to compare the HPV prevalence according to the influential parameters and adjusted, where appropriate, for histological type, HPV DNA specimen, and publication calendar period.
A fixed-effect or random-effect model was used to pool the casecontrol data, based on the Mantel-Haenszel method [19] and the DerSimonian and Laird method [20] , respectively. These 2 models provide similar results when between-studies heterogeneity is absent; otherwise, the random-effect model is more appropriate. Between-group heterogeneity was tested by means of the v 2 -based Q test, and the heterogeneity was considered significant if P , .05. Publication bias was evaluated with the linear regression asymmetry test by Egger et al [21] and Begg et al [22] . All analyses were performed using Stata statistical software (version 11.0, StataCorp).
RESULTS
In total, 52 publications were included in the present study. (Table 1) .
With respect to HPV detection methods, the studies used broad-spectrum PCR primers, type-specific PCR primers, or a combination of both primers, as well as non-PCR methods, including in situ hybridization and Southern blot ( Table 2 ). In general, the detection rate by means of PCR-based methods (16.66% [95% CI, 15.12%-18.29%]) was similar to that by means of non-PCR methods (17.01% [95% CI, 14.25%-20.08%]). However, PCR with type-specific primers was generally revealed to be more efficient at detecting HPV DNA in bladder tissues, with a detection rate of 33.19% (95% CI, 28.99%-37.61%). However, the detection rate was lower than ,10.00% when PCR with broad-spectrum primers was used (9.41% [95% CI, 7.73%-11.32%]) ( Table 2) .
Fifteen HPV types (HPV-6, -11, -16, -18, -31, -33, -35, -39, -45, -51, -52, -56, -58, -59, and -68) were analyzed in bladder cancer cases across studies. . The prevalences of HPV-11, -39, and -52 were ,1.50%, and other types (HPV-35, -45, -51, -56, -58, -59, and -68) were absent in bladder cancer cases (Table 3) .
Nineteen case-control studies [12, 13, [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] [38] [39] with 926 bladder cancer cases and 219 controls were included in the estimation of HPV infection and bladder cancer risk. Two of the 19 studies were automatically excluded after data pooling because of the absence of HPV in both cases and controls [12, 28] . According to the result of the heterogeneity test, the randomeffect model was chosen to evaluate the pooled OR (Figure 1) (Figure 1) . Moreover, when 1 study [37] , which uniquely showed a significantly opposite association (OR, 0.25 [95% CI, 0.09-0.65]) (Figure 1 ), was excluded, a more significant 4.11-fold (OR, 4.11 [95% CI, 2.66-6.35]) increase in bladder cancer risk was shown for HPV infection without between-studies heterogeneity (Q 5 10.46, P 5 .79). The Egger and Begg tests, which were designed to indicate publication bias, yielded insignificant results (P 5 .48 and .21, respectively).
As shown in 
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.00445 1 22 Figure 1 . Overall odds ratios (ORs) of bladder cancer associated with human papillomavirus (HPV) (cases vs controls). CI, confidence interval.
DISCUSSION
Although 2 meta-analyses were published in 2005 [40, 41] on the correlation between HPV infection and the risk of bladder cancer, the results are still obscure because of the relatively few publications analyzed and small sample sizes used. Moreover, several questions have not been answered yet. First, is there a geographic variation of risk of bladder cancer with HPV infection? Second, is the effect of HPV infection similar in different histological types of bladder cancer? Third, since different techniques were used for HPV detection with varying specificity and sensitivity, do the changes in HPV testing protocols over time affect the estimation of the association of HPV infection with bladder cancer risk? Thus, the present study evaluated the overall effect of HPV infection on bladder cancer by considering the heterogeneity of major related parameters, such as study region, histological type, detection method, and so on. In addition, this study updated the previous meta-analyses with a larger quantity of new data on HPV infection in bladder cancer tissues published during the period 2006-2010 and attempted to answer the questions above. Overall, there was an increased risk of bladder cancer associated with HPV infection, which was consistent with the results of previous meta-analyses [40, 41] . Moreover, our study also showed a greater risk in the patients with high-risk HPV types, specifically HPV-16. The fact that HPV-16 was the most prevalent HPV type detected in bladder cancer tissues showed that HPV-16 had the strongest carcinogenicity in bladder tissues. Although low-risk HPV types could also be detected in bladder tissues, this seems less related to the carcinogenesis of the bladder.
Our study suggested a moderate geographical variation in HPV prevalence. This might be due to the difference resulting from genetic background, environmental risk factors including sexual behavior, smoking, and other ethnic and cultural differences, as well as other unknown sources. Meta-analysis of the worldwide prevalence of cervical HPV DNA also showed a higher HPV detection rate in Africa and East Asia and a lower prevalence in North America and Europe [42] . It was also shown that the prevalence of HPV in breast cancer cases was highest in Asia, followed by North America and Europe [3] . However, although the HPV prevalence varied across continents, the risks of bladder cancer with HPV infection increased significantly in both Asia and Europe but not in North America (possibly due to the small sample size and high between-studies heterogeneity).
A majority of studies used paraffin-embedded tissue for the determination of HPV infection status. The sensitivity of HPV detection varied mainly from the differences in amplification efficiency between different types of HPV primers, especially when utilizing paraffin-embedded tissue samples. Therefore, the observed variation in HPV prevalence between HPV DNA specimens was understandable. The low detection rate of HPV DNA is known to occur with paraffin-embedded tissue and particularly when PCR amplification of long DNA fragments in the L1 gene was adopted. In contrast, HPV type-specific primers that are usually designed to amplify shorter sequences of HPV DNA might be more sensitive for detecting HPV DNA sequences [43] . Therefore, it is possible that the detection rate for HPV using HPV type-specific PCR primers may be higher than that with other PCR methods. In addition, a type-specific PCR method for HPV detection in bladder tissues might be more useful, partly as a result of the low number of copies of HPV DNA in bladder tissues.
Most bladder cancers occur in men. Among the patients with bladder cancer, males seemed to have more infections [44] . Because few studies presented HPV prevalence data in bladder cancer cases stratified by sex, it was difficult for us to estimate the sex differences in HPV prevalence and risk of bladder cancer. Additional research focusing more on the effect of sex differences is necessary.
HPV has been recognized as the necessary cause of cervical cancer [1] , and the link between HPV infection and other cancers has been studied. The strength of association for HPV infection and bladder cancer was similar to those for oropharynx [45] and breast cancers [3] , less than that for tonsil cancers [45] , but greater than those for oral, larynx [45] , and prostate cancer [46] based on previous meta-analyses. In conclusion, our study revealed a clear link between bladder cancer and HPV infection, although the risk estimates may vary by HPV type, study region, histological type, detection method, HPV DNA source, and so on. However, considering the great variation in HPV prevalence in bladder tissues and risk estimates among case-control studies, large-scale multicenter studies are needed. Our study also highlighted the importance of detecting HPV DNA in fresh tissues in samples from both case patients and well-matched control patients simultaneously with the use of more sensitive lab methods. In addition, more detailed information on HPV infection in bladder cancer, such as distribution by sex, clinical stage, and even association with survival, is also needed to find more authentic conclusions and potential clinical implications. 
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